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In this contribution to the CPT’19 proceedings, we summarize efforts that use
data from the MICROSCOPE space mission to search for Lorentz violation in
the Standard-Model Extension.
1. The SME and the Weak Equivalence Principle
Data from the MICROSCOPE space mission can be used to search for
Lorentz violation within the field-theoretic framework of the Standard-
Model Extension (SME).1 The SME can roughly be thought of as a se-
ries expansion about known physics at the level of the action that forms
a broad and general framework for tests of Lorentz symmetry.2,3 Terms in
the SME action are constructed from Lorentz-violating operators along with
coefficients for Lorentz violation that characterize the amount of Lorentz
violation in the theory. In general, the coefficients for Lorentz violation
are particle-species dependent such that in the fermion sector couplings to
Lorentz violation may differ for protons, neutrons, and electrons. When
couplings to gravity are considered in the fermion sector, this species de-
pendence leads to effective Weak Equivalence Principle (WEP) violations.4
In the present context, we consider a single coefficient field (aeff)µ in
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the classical point-particle limit, where the matter-sector action is4
SBU ≈
∫
dλ
(
−mB
√
−gµνuµuν − (a
B
eff)µu
µ
)
, (1)
for a body B of mass mB with the post-Newtonian metric gµν and four-
velocity uµ. In spontaneous Lorentz-violation models, (aeff)µ develops a
vacuum expectation value (a¯eff)µ. An additional freedom associated with a
coupling constant in models of spontaneous breaking is characterized by α.4
When these coefficients are taken into account in a Newtonian example
via the action (1), the equations of motion for bodies become
mB~a = (mB + 2α(a¯Beff)t)~g, (2)
where ~a is the acceleration, ~g is the Newtonian gravitational field, and
(a¯Beff)µ =
∑
wN
w
B (a¯
w
eff)µ.
4 Here, the sum is over particle species w = proton,
neutron, electron, and NwB is the number of particles of type w in the body.
TheWEP states that the gravitational massmgrav is equal to the inertial
mass minert.
5 In other words,
minert~a = mgrav~g (3)
can be rewritten as ~a = ~g. Hence, the signal in a WEP experiment is
a relative acceleration of a pair of co-located bodies 1 and 2 in free fall
in a gravitational field. Traditional constraints on Lorentz-invariant WEP
violations have been quantified by the Eo¨tvo¨s parameter δ(A,B) = 2(a1 −
a2)/(a1 + a2), where aB is the free-fall acceleration of the body.
Comparison of Eqs. (2) and (3) reveals the effective WEP violation in-
duced by (a¯eff)µ. However, the Lorentz-violation signal is more complicated
and cannot be characterized by a single parameter such as δ. This can be
seen already from the Newtonian result, where the time component of the
coefficient for Lorentz violation will mix with the spatial components under
a time-dependent boost, such as the boost of the Earth around the Sun,
yielding a time-dependent WEP signal involving multiple components of
(a¯eff)µ. When the relative free-fall rate for a pair of electrically neutral
bodies 1 and 2 is considered, the signals are proportional to4
∑
w
(
Nw1
m1
−
Nw2
m2
)
(a¯weff)µ ≈
Nn1N
p
2 −N
p
1N
n
2
m1m2
mn(a¯n−e−peff )µ ≡ A(a¯
n−e−p
eff )µ,
(4)
where (a¯n−e−peff )µ ≡ (a¯
n
eff)µ − (a¯
e
eff)µ − (a¯
p
eff)µ.
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2. MICROSCOPE space mission
The MICROSCOPE space mission is a French CNES microsatellite de-
signed to test the WEP with the best-ever precision of one part in 1015.6
It was launched in 2016 and completed its data-taking in 2018. It con-
tains an instrument composed of two concentric cylindrical test masses
made of the platinum alloy Pt:Rh (90:10) and the titanium alloy Ti:Al:V
(90:6:4) for the inner and outer mass, respectively. With these measure-
ments, the MICROSCOPE team found a constraint on the Eo¨tvo¨s pa-
rameter of δ(Ti, Pt) = [1 ± 9 (stat) ± 9 (syst)] × 10−15, representing an
improvement of over an order of magnitude over the previous best limits.7
A subset of the Lorentz-violation signals arise at frequencies different
from the WEP signal and may remain hidden in the analysis aimed at the
traditional WEP. Hence, a separate analysis has been performed to search
for signals at the additional frequencies associated with (a¯n−e−peff )µ.
1 Con-
straints on coefficients were analyzed globally treating all four components
together as well as for “maximal reach,”9 where only one coefficient was as-
sumed to be nonzero at a time. With the alloys used for the test bodies, the
parameter A in Eq. (4) is about 0.06GeV−1. With this, improvements on
prior sensitivities8 of about one to two orders of magnitude were achieved.1
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